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Introduction 


\ ntroduction 

Diabetes was described more than 2000 years ago. For the 
past 200 years it has featured in history of modern medicine\ As we 
enter the new millenium, diabetes has become a problem of epidemic 
proportion. It touches us all in every walk of life - Physicians and 
Scientists, Family and Friends, even Government and Communities- 
and it imparts a constantly toll. Over Society as a whole more and 
more people have problems requiring answers; and in these days of 
rapidly expanding technology they find it difficult to shift through ail 
the information^. Today, more than ever, “to know diabetes is to know 
medicine”. 

Diabetes mellitus is the most prevalent non-communicable 
group of common metabolic disorders that share the phenotype of 
hyperglycemia in the world. Several distinct types of DM exist and are 
caused by a complex interaction of genetics, environmental factors, 
and life-style choices. Depending on the etiology of the DM, factors 
contributing to the hyperglycemia may include reduced insulin 
secretion, decrease glucose usage, and increased glucose 
production. The metabolic dysregulation associated with DM cause 
secondary pathophysiologic changes in multiple organ systems, that 
impose a tremendous burden on the individual with diabetes and the 
health care system. With increasing incidence worldwide, DM will 
likely continue to be a leading cause of morbidity and mortality in the 
forthcoming future. 
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Recent changes in classification^'"^'^'®'^ reflect an effort to classify DM 
on the basis of pathogenic process that lead to hyperglycemia as 
opposed to criteria such as age of onset or type of therapy. 
Etiological classification of diabetes Mellitus 

1. Type 1 diabetes ( p cell destruction, usually leading to absolute 
Insulin deficiency) 

U Immune mediated 
1 b Idiopathic 

2. Type 2 diabetes (may range from predominantly insulin resistance 
with relative insulin deficiency to a predominantly insulin secretory 
defect with insulin resistance). 

3. Other specific type of diabetes 

3a Genetic defects of J3 cell function characterized by mutation in 

1 . Hepatocyte nuclear transcription factor (HNF). 

4a-(MODY-1) 

2. Glucokinase (MODY-2) 

3. HNF 1a(MODY-3) 

4. Insulin Promoter Factor (iPF)-1 (MODY-4) 

5. HNF1P (MODY-5) 

6. Mitochondrial DNA 

7. Proinsulin or insulin conversion 
3b Genetic defect in insulin action 

1 . Type A insulin resistance 

2. Leprechaunism 

3. Rabson Mendenhall syndrome 

4. Lipoatropic diabetes 
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3c Disease of the exocrine pancrease 

(Pancreatitis, Pancreatectonny, neoplasia, Cystic fibrosis, hemo 
chromatosis) 

3d Endocrinopathies 

(Acromegaly, Cushing syndrome, hyperthyroidism, pheochromo 
cytoma, aidosteronoma) 

3e Drug or chemical induced 

(Glucocorticoid, pentamidine, nicotinic acid, thyroid hormone, 
p adrenergic agonists, thiazides, phenytoin, a Interferon, 
p Blockers). 

3f Infection- Congenital rubella, CMV, Coxsackie 
3 g Uncommon form of immune mediated diabetes 

(Stiffman syndrome, Anti insulin receptor antibodies) 

3h Other genetic syndromes 

(Down’s, Klinefelter, Turner’s, Friedrich’s ataxia, Huntington’s 
Chorea, myotonic dystrophy, porphyria, Prader Willi syndrome) 

4. Gestational diabetes menitus (GDIVI) 

By such nosology a huge group approximately 150 million 
people (nearly 90% of diabetic population) emerged a Type 2 
Diabetes Mellitus which is the commonest form of Diabetes Mellitus 
seen all over the world; and by itself is highly heterogeneous in 
patients profile manifestation, complication and management. The 
prevalence of Type 2 diabetes varies in different geographic regions 
and different ethnic group. Prevalence of Type 2 diabetes is 
increasing in most of the countries, especially in developing countries 
such as India. 
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According to the recent WHO reports, the prevalence of 
diabetes mellitus in adults worldwide will rise from 4% in 1995 to 
5.4% in the year 2025 and more than 75% of them will be residing in 
developing countries®'®. 

Diabetes in India 

Diabetes mellitus has emerged as a major public health 
problem in our country and has assumed epidemic proportion. 
According to Indian Council of Medical Research - Prevalence of 
diabetes mellitus has increased from 2.1% in 1972 to almost 12% in 
1995. The vast majority of diabetes in India are Type 2. Prevalence of 
Type 2 DM has changed from 1972 2.3% in urban and 1.5% in the 
rural areas to 11.5% in urban and 2.4% in rural areas. WHO 
recognized two sub clinical type of Type 2 as obese and non- 
obese^®’^'''^^'^®. In contrast to WHO prediction of 60-80% to be obese 
only, about 30% of Indian diabetics are obese and vast majority of 
them were found to be non-obese. The age of onset is a decade 
earlier from their counterparts in the developed countries^^'’’®''^®''’®. 

There is a sub type of Type 2 diabetics, who are lean and 
underweight (below 20% of the expected ideal body weight for height) 
with a body mass index (B.M.I) <18.5 Kg/m^ . They are different from 
patients who loose weight at the onset of diabetes. Attention to this 
specific type of underweight Type 2 diabetes was first drawn by 
Tripathi and Kar^^ in 1965, who reported that 28% of their adult onset 
diabetics were underweight and they did not develop Ketoacidosis. 
However, they thought that this was because of under nutrition. 


Das in 1991 highlighted these clinical features, biochemical, 
hormonal profiles which confirmed that there are variants of Type 2 
diabetes. 

Therefore, in the past these adult onset diabetics were 
variously nomenclatured as underweight, undernourished, lean and 
even non-obese by different authors. However, the Internationa! 
workshop on “Types of diabetes peculiar to tropics”, held in 
Cuttack^^’^® gave these diabetics defined nomenclature of low body 
weight as they were neither malnourished nor the loss of weight could 
be attributed to the prevalent metabolic state. 

However, the various studies done at various centers in India 
(such as Calcutta, Cuttack, Chennai, Hyderabad, Madurai & Jaipur) 
have showed that these low body weight type-2 diabetics revealed 
significant difference in their clinical, biochemical, hormonal and 
mortality profile. 

Since most of these studies on low body weight type-2 diabetes 
mellitus done in our country are from other states. No study has been 
done in our state U.P. and Bundelkhand region as well as in 
Department of Medicine Jhansi. 

This very thought enriched us with new enthusiasm and we 
planned to study the clinical profile of low body weight type-2 
diabetes mellitus in Bundelkhand Region in the Department of 
Medicine, Maharani Laxmi Bai Medical College, Jhansi, U.P., India. 
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Essentials of diagnosis of diabetes^ : 

1. Symptom of diabetes plus random blood glucose concentration 
>200 mg/dl (1 1. 1mmol/L) 

OR 

2. Fasting (no caloric intake for atleast 8 hr) plasma glucose 
>126mg/dl (7 mmol/L) 


OR 


3. Two hour plasma glucose >200mg/dl ( 11.1 mmol/L) after 75 gm 
ora! glucose load. 

Etiological determinants and risk factors for type-2 diabetes 

1. Genetic factor 

(a) Genetic marker (b) Family History (c) Thrifty gene(s) etc. 

2- Demographic characteristics 


yrs (c) Pace/Ethnicity 

3. Modifiable risk factor (Including behavioural and lifestyle related) 

• Obesity (including distribution & duration) 

• Physical inability 

• Diet 

• Westernisation. ■Urbanisation. and 
Modernisation 

• Intra Uterine environment 


4. Other 


• Hypertension > 140/9 mm Hg 

HDL < 35 mg/dl Triglyceride > 250 mg 

• History of GDM 



hMT 
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1 meview of Literature 

Low body weight Type-2 DM is clinical subtype of Type-2 DM 
and is characterized by low body weight i.e., BMl 18.5 Kg/m^. They 
manifest with visible different presentation, morbidity & mortality 
pattern as well as biochemical profile when compared with classical 
patient of Type-2 DM. 

The onset of diabetes is insidious with varieties of somatic 
complaints and loss of general well being. All are not poor and some 
belong to upper middle class society. Leanness is an inherent 
characteristics of these individuals. Good metabolic control had little 
influence on their constitution, natural history or morbidity These 
diabetics in due course, more often become insulin require as 
compared to classical Type-2 DM patients^^'^®’^®'^°'^^'^^'^^ These 
clinical characteristics biochemical profile, hormonal status and other 
features has been assessed by different worker as. 
i. Tripathi BB and Kar B.C'^ 

Tripathi and Kar in their premium publication on clinical type of 
diabetes in India way back in 1965, had reported that as high as 28 
percent of adult onset diabetics were underweight. The said article 
had focussed on the relationship of malnutrition and presentation of 
diabetes, more so in the young with special emphasis on malnutrition 
related diabetes mellitus. Thus for past these adult onset diabetics 
were variously nomenclatured as under weight, under nourished, lean 
and even non-obese by different authors. 
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However, the Internationa! workshop^®'^® on type of diabetes peculiar 
to tropics gave these diabetics the defined nomenclature of low body 
weight as they were neither malnourished nor the loss of weight could 
be attributed to the prevalent metabolic state^°. 

2. A.K. Baliarsinha and Siddarth 

On the basis of their study as 380 patient of Type-2 DM 
recruited consecutively. 91 (23%) had BMl < 18.5 kg/m^ and fall over 
a period of two consecutive years. 

They observed that more than 80% of patient with LB Type-2 
DM were from the middle socio-economic class. In India middle class 
constitutes about 50% of the population and these type of Type-2 DM 
was probably the real representation of DM prevalent in such society. 

Family history of DM could be ascertained in 16.5% of such 
patients which is much higher than any form of malnutrition related 
diabetes mellitus of Type-1 DM. 

LB Type-2 diabetics had much lower WHR and there was 
strong positive correlation between BMl and WHR suggesting that 
leanness as well as levels of central obesity were expression of a 
common underlying mechanism. 

These LB Type-2 diabetic patients presented with long standing 
Hyperglycemia without ketosis suggesting endogenous insulin 
reserve that prevent ketonebody production but are unable to prevent 
hepatic glucose suppression. 

In these series PN was the commonest presenting feature 
followed by Tuberculosis, Skin or Fungal infection. On the other hand 
hypertension, CAD weir less common in comparison to obese or 
standard weight Type-2 DM. 

^ ■ 



Glycemic status in majority of LB Type-2 DM patient (80.5%) 
were controlled with OHA and only few (16%) required insulin or 
insulin & OHA both (4.5%). Initial response to OHA in majority of 
cases, indirectly denote that the LB Type-2 DM patient had good p 
cell reserve and lack of insulin resistance. Both cholesterol & tri 
glycerides were low or normal with a higher HDL values which could 
contribute to lower incidence of macro vascular disease in LB Type-2 
DM. 

The basal IRl values in LB Type-2 DM, despite more severe 
hyper glycemia was significantly lower than obese Type-2 indicates 
that the LB patient are more insulinopenic or had decreased beta cell 
reserve. 

The most significant finding of this study was that, although the 
basal, post glucose and post glucagon values of IRl were significantly 
lower in the LB Type-2 DM there was no statistical difference in the 
corresponding C-peptide levels. Thus the p cell reserves of insulin 
and its response to secretogogues, both glucose and non-glucose, 
were identical in their two group which testified that they are classical 
Type-2 diabetic patient. Yet gross disparity in the C-peptide versus 
IRl levels in the peripheral circulation requires explanation. The most 
plausible mechanism is inappropriate extraction of insulin by the liver 
in the LB compared to obese Type-2 DM^^. 

This study was carried out at a diabetes center in Northwest 
India, the 1689 conseGutively registered Type-2 DM patient 167 
(9.8%) of LB Type-2. The majority of them had onset of disease at 
age of 30 yr as after had no ketone urea at diagnosis and did not 
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need insulin treatment at diagnosis. Of these 27% of LB Type-2 DM 
patient were having central obesity as shown by increased WHR, 
suggested that central obesity is also probably a pointer that these 
patients are group of Type-2 DM patienF. 

4. Mohan et 

This study was conducted in a sub set of low body weight Type- 
2 DM for presence of GADA and ICA. GADA were present in 10% of 
low body weight patients as compared to a frequency of 5% in normal 
weight and 4% in obese Type-2 diabetics. The frequency of ICA was 
0% in low body weight 13% in normal weight and 7% in obese 
diabetics respectively. This data suggest that islets antibody were not 
more frequent in low body weight Type-2 DM compared to diabetics 
with higher BMI. 

5. Ram Chandran etal^^’^° 

They had revealed that GADA have low positivity and lower 
sensitivity with regard to prediction for insulin requirement in Indian 
Type-2 diabetics. The prevalence of autoantibodies in Type-2 DM 
was low so also its predictability to determine insulin requiring state in 
such diabetics was statistically of no consequence. 

6. K. Kanan and AJ Arirratham'’'’’^^'^^ 

In this study peak C-peptide response measured in the small 
groups of Type-2 and Type-1 subjects revealed typical finding which 
are the basis of categorization of LB Type-2 subject as distinct entity. 

LB Type-2 diabetics did not have much insulin resistance but C- 
peptide output was the least of the three categories but much higher 
than Type-1 diabetes. 
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They finally concluded that the absence of any strong family 
tendency and a strong male preponderance of cases make it possible 
that LB Type-2 DM is in same way different from the other subjects 
with Type-2 disease. The low incidence of hypertension and severe 
dyslipidemia can also be explained by low BMl, and absence of 
hyperinsulinemia in these diabetics, ECG and clinical symptoms of 
CHD is low at 12%. 

The absence of evidence for any degree of insulin resistance in 
these diabetics conveys a message that biguanides and/or other 
insulin sensitizers are not going to have much therapeutic advantage 
in them. It is unlikely that chronic infective condition like tuberculosis 
might have contributed to the loss of weight as the incidence of 
tuberculosis is lower than what is seen in other Type-2 diabetics. 

7. Alok Patnaik, Sidhartha Das & B.K. Patniak^^ 

Current knowledge reveals that HGU is usually normal in Type- 
2 diabetics while HGO is high due to hepatic insulin resistance [lead 
to repression of key hepatic glycolytic enzymes and depression of 
glucogenic enzymes] and less of futile cycles of carbohydrate 
metabolism taking place with in the hepatocytes^^'^®. Leading to 
decreased trapping of insulin by liver causing excess liberation of 
insulin into systemic circulation leading to hyper insulinemia^®. 

LB Type-2 diabetics have moderately severe to severe basal 
hyperglycemia. According to Das there was a negative correlation 
between FBG and BMl which negated the likely possibility of insulin 
resistance in the peripheral tissue and hence glucose handling of the 
liver by LB type diabetics demands special attention. But low 
circulating levels of insulin is a universal observation^^. This indicate 


that hyperactive metabolic state observed in the liver of these 
diabetics having low body weight is probably an inherent 
characteristic in them which is responsible for excess utilization of 
insulin during it first pass. There is probably excess extraction of 
insulin in the portohepatic circulation leading to lower levels of 
circulating insulin. This may be due to excessive futile cycle of 
carbohydrate metabolism in the liver. 

The LB Type-2 diabetics had the highest FBG vis a vis highest 
circulating levels of glucokinase suggests excess of futile cycles of 
carbohydrate metabolism in liver especially inter conversion of 
glucose to glucose phosphate and again back to glucose. The 
reconverted glucose is liberated into the circulation causing excess 
rise of hepatic glucose output. 

In UKPDS cohort of 3672 patient 10% newly diagnosed N I DDM 
patient were positive for ICA and 6% for GADA. The frequency of ICA 
and GADA were higher in those with a younger age at onset. Most 
importantly ICA or GADA positive patient require insulin earlier and 
more frequently than patient negative for antibodies. In UKPDS report 
among patient less than 35 years of age at onset with GADA or ICA 
positively lead to an insulin requirement in 84% and 94 % of NIDDM 
individuals by 6 yrs. Thus GADA may be a better predictor of insulin 
requirement than other clinical (low BMi) or biochemical (C-peptide 
levels) parameters. 
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Q.Tuomi et 

On the basis of study in Finland reported that 9.3% of the Type- 
2 DM patients were positive for GADA. In contrast to GADA the 
frequency of IA-2 antibodies directed against the antigen tyrosin 
phosphates are in frequent in Type-2 diabetics. They detected IA-2 
antibodies in only 17% of GADA positive individuals and in 0.5% of 
those in whom GADA was absent. 

10. Kanungo. A, Shtauvene. A, Samak.K.C. etal^^ 

They evaluated 72 North Indian Type-2 DM patient and 
reported a prevalence of 25% for GADA, which was similar to 
prevalence in Type-1 DM patient. While only 4% of Type-2 diabetes 
mellitus were tyrosine phosphatase (IA-2) positive Vs 22% of Type-1 
DM. Thus lA-2 antibodies are likely to be better discriminator of Type- 
1 &Type-2 DM. 

In visible absence of ICA in low body weight Type-2 diabetics 
with fairly preserved C-peptide level and reserve suggest that they 
are immunologically classical Type-2 diabetics and not slowly 
evolving Type-1 DM^^. 

11. Irivin et a 

According to them GADA may be a better predictor of insulin 
requirement in Type-2 DM patient than other clinical low BMl or 
biochemical C-peptide level parameters. Patients having secondary 
failure to OHA were likely to be positive for GADA or ICA'’® 

12. Siddartha Das and Baruna Mishra"*^ 

They took 146 newly diagnosed and untreated cases of Type-2 
DM without any other major illness and were recruited for the 
evaluation of dietary habit and its impact on metabolic profile. 
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Detailed dietary counseling was done. The LB were asked to 
increase intake by more than 350 Kcal/day while obese were asked 
to cut down their intake by 900 Kcal/day. During follow up marginal 
improvement in mean BMI was observed in low body weight subjects. 

From the dietary and nutrition point of view the best balanced 
were the standard weight subject. The alteration and influences of 
dietary components in the over weight diabetics was similar to most 
of the international data with negative influence of carbohydrate diet 
on blood glucose. In LB Type-2 group an inherent defect for 
carbohydrate handling was obvious. Both over weight and low body 
weight Type-2 diabetics probably represent the two end of the U 
shaped curve with regards to the metabolism and blood glucose 
levels'^®. 

13.S.BanerjeeandU.K.Pal^^'^^''^^. 

They selected 75 cases of Type-2 DM (25 cases of lean 25 
cases of non-obese and 25 cases of obese) after exclusion hepatic 
endocrine cardiorespiratory and other systemic diseases. 

This study revealed a male predominance (3:2) amongst LB 
Type-2 DM. The mean age of presentation was in mid forties and 
most were presented with usual symptoms. The prevalence of family 
history was much higher. These LB Type-2 DM were not restricted to 
a poor socioeconomic status but were more from rural areas as 
compared to non obese and obese subject FBG in the LB Type-2 
was not statistically different from either non obese or obese Type-2. 
The fasting C-peptide levels were lower than those in other two 
groups of diabetics, which suggest that level of fasting hyper 
insulinemia. But the rise in the plasma level of C-peptide was much 
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more brisk than the latter group, following diet intake near normal C- 
peptide levels vis a vis basal hyperglycemia is an important 
characteristic of LB Type-2 diabetics. Probably serve as a marker for 
the low circulating levels of insulin with fairly preserved p cell reserve. 
Therapeutically a large number of LB subjects respond well to oral 

hyper glycemic agent. 


14. G.R.Sridhar, S.Veena, K.Madhu^°’^^ 

In this study characterized the clinical profile of a group of LB 
Type-2 and evaluated the quality of life well being and psychological 
adjustment to diabetes. They conducted similar clinical profile to other 
study but LB Type-2 DM had a higher prevalence of sleep 
disturbance than other group. Finally they scored lower on quality of 
life well being psychologicai adjustment to diabetes scales compared 
to non-lean Type-2 diabetics. Thus the common phenotype runs 
through in patients with LB Type-2 DM who have a poor quality of life 
than their peer’s. They therefore need appropriate evaluation and 

extra attention for better management. 

15. Siddartha Das.R.K.Mishra,B.B.Jena. B.K. Mishra, K.C.Mishra. 
and B.SarangF 


In their study they observed that mortality amongst hospitalized 
patient with non insulin dependent diabetics mellitus (NIDDM) was 
20%. Major causes of mortality are cardio vascular accident, 

Ischemic heart diseases & infections. 

16. Siddartha Das, E.A.Sotaniemi, A.K. Baliarsinha and 

A,Rauti^^’^^F 


They interpreted that, the LB Type-2 diabetics seen in India not 
only have hyperactive hepatic metabolic state but such metabolic 
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process is inherent to them and not influenced by other co-existence 
factors. The hyperactive hepatic metabolic state is very likely 
responsible for excess extraction / trapping of insulin during its first 
pass which consequently leads to low circulating insulin levels. This 
reasonably explains the insulin-C peptide disparity observed in LB 
Type-2 diabetics. Such metabolic activities causes excess of futile 
cycles which not only dissipate energy, utilize insulin but causes 
raised FBG levels. 

17. B.C.Patnaik, S.R.Patnaik, A.CMahakur, U.C.Tripathy, H.Sahu, 

Glycosylated haemoglobin (HbAi) is formed by the addition of a 
molecule of glucose to the N-terminal valine of one or both beta 
chains of adult haemoglobin by a spontaneous and non-enzymatic 
reaction. Apart from diabetes, HbAi is altered in many physiological 
and pathological states like pregnancy, iron deficiency anaemia, 
haemochromatosis and renal failure. 

In renal failure, shortened life span of erythrocytes is well 
known and low levels of HbA| are expected^. On the other hand a 
raised HbA| is possible because there occurs a disordered 
carbohydrate metabolism in renal failure. While a majority of workers 
have noted increased levels of HbA| in chronic renal failure (CRF), 
the rise being more pronounced in diabetic nephropathy, some 
demonstrated decreased levels. 

They concluded that glycosylation of haemoglobin is influenced 
by glycemic status as well as shortened life span of erythrocytes in 
renal failure. Thus decreased HbAi is possible in both diabetic and 
non-diabetic renal failure. One must be cautious in interpreting the 
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glycosylated haemoglobin values as an indicator of diabetic long term 
control in the presence of renal failure. 

18. K. C.Samal, Sidhartha Das, C.R.Parija, B.B. Tripathy^^’^^’^^ 

They concluded that C-peptide has no biological activity, in the 
serum of normal subjects C-peptide is much higher than proinsulin 
and its intermediates. Proinsulin reacts less well than C-peptide with 
C-peptide antiserum. Direct assay of total serum CPR in normal 
subjects represents mainly C-peptide level. Hence it is justified to 
presume that the value of CPR is very close to C-peptide level, 
particularly in insulin deficient diabetics in whom the proinsulin level in 
circulation is negligible. Further we selected patients who were not on 
insulin therapy, thus excluding the possibility of any interference by 
exogenous proinsulin. 

As anticipated, plasma levels of glucose were remarkably 
higher following oral glucose than mixed meal and values of IRl both 
basal as well as in response to glycemic stimuli, were low in both 
groups of patients. Inspite of this there was no significant difference in 
the IRI level following glucose are mixed meal in either group of 
patients suggesting poor insulinogenic reserve. The mean CPR level 
observed in the present study are lower than those reported from the 
west, both at basal and one hour after oral glucose. This is consistent 
with our previous observation of low insulin level in the local 
population. Result of this study indicates that residual B cell function, 
although adequate to maintain near normal basal CPR level in freshly 
detected case of FCPD, appear to be grossly insufficient to raise 
hormone production appropriately in response to glycemic stimuli. It 
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was further observed that although the difference between the rise of 
IRI following mixed meal and oral glucose was not statistically 
significant in normal controls the difference in the corresponding CPR 
values was highly significant (P < 0.01). This suggests that CPR is a 
better indicator of B cell performance than plasma insulin, passively 
due to insignificant trapping of C-peptide level in the liver. In freshly 
detected case of IDDM on the other hand lower level of CPR suggest 
that B cell function compromised even in the basal state. Yet, definite 
rise in C-peptide value, following both oral glucose and mixed meal 
indicate presence of certain quantum of residual (3 cell activity. It is 
well known that most of these patients ultimately develop complete 
loss of (3 cell function in course of time. The remarkably lower 
incidence of ketosis in FCPD as compared to IDDM may be an 
account of better residual p cell function as indicated by higher CPR 
level at basal state and in response to glucose challenge. However, 
the relatively lower difference in the peripheral IRI levels of these two 
groups of diabetics can be explained by the well known fact that a 
larger proportion of insulin (70-90%) is trapped by the liver in 
diabetics. 
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jy mims and Objectives 

1. To study the clinical and biochennical profile of low body weight 
Type-2 diabetes mellitus. 

2. Do these patient differ clinically and biochemically from other 
Type-2 diabetes mellitus patients? 


19 





M 

■ W ■ aterial and MethnHg 

The present study was carried out in the Department of 
Medicine M.L.B. Medical College Jhansi in 2001 - 02. In this study 30 
patients of Type-2 DM whose BMI <18,5 (low body weight) were 
enrolled for study group, 25 normal body weight (BMI between 18.5 - 
25) and 20 were over body weight (BMI >25). 


Selection of cases 

For this study patients were selected from 

1. General Medicine OPD 

2. Diabetic Clinic OPD 

3. Gynaecology & Obstetrics OPD 

4. Skin OPD 

5. Tuberculosis & Chest OPD 

6. Patient admitted in Ward 

Criteria for selection 

Any individual who volunteered himself or herself fulfilling the 
criteria either of LB Type-2 DM i.e., BMI <18.5% kg/mt^ or non-obese 
18.5 - 25 or obese > 25. The Type-1 DM patients were excluded on 

the basis of age, clinical presentation and insulin dependence from 
starting. 
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Method of study 

Study of clinical profile includes following !- 

1. Full clinical history about disease and it complication & total 
duration of illness. 

2. Family history maternal or paternal and siblings. 

3. Age and sex of the patient. 

4. Educational status. 

5. Dwelling - Rural or Urban. 

6 . Socioeconomic status of the patient dividing into 

i) Lower class 

ii) Middle class 

iii) Upper class 

7. Dietary history 

8. Habit 

Vegetarian / Non Vegetarian 

Alcoholic / Non Alcoholic 

Smoker/ Non Smoker 

Tobacco Chewer / Non Tobacco Chewer 

Other 

9. Occupational history 

10. General Examination includes 

• Built and body proportion 

• Nutrition 

• Pallor, Icterus, Cyanosis, Clubbing 

• Edema, Lymphadenopathy 

• Skin, hair, Nails 
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• Vertebral column and joint 

• Temperature 

• Pulse 

• Blood pressure 

• Respiration 

1 1 . Systemic Examination 

❖ CNS 

• Higher functions 

• C.N. 

• Motor system 

• Sensory system 

• Other 

❖ CVS 

❖ Respiratory 
<♦ Abdomen 

❖ Others 

12. Investigation 

<* Haemogram 
♦> Diabetic profile including 

• Fasting blood sugar 

• HbAiC 

• Anti insulin antibodies 

• Insulin 

• Anti microsomal antibodies 

• C-peptide. 
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❖ Renal parameters 

• Urine - Routine and microscopic examination 

• 24 hours urinary protein 

• Serum creatinine 
<♦ Lipid profile 

• Total serum cholesterol 

• High density lipoprotein 

• Low density lipoprotein 

• Very low density lipoprotein 

❖ X-ray Chest PA view 
<♦ Fundus 

❖ ECG 
*> Echo 

Specimen collection and handling 

A. Blood collection 

Collect 10 ml of fasting blood sample from venipuncture and dispense 
it as mentioned below. 

1 . Double OX tube 2ml blood for haemogram. 

2. Fluoride tube 2ml blood for fasting blood sugar 

3. EDTA tube 2 ml blood for HbA|C. 

4. Plain tube AMD insulin, C-peptide, Serum Creatinine 4ml 
blood. 

B. Urine collection 

Collect 2 ml of urine from 24 hrs urine pool in plain tube and note the 
total 24 hrs urinary volume for micro albuminurea. 
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C. Samples can be stored at 2-8°C upto 24 hours, for longer periods 
store samples at~20°C. Avoid repeated freezing and thawing. 

Methods used 

Haemogram - Biochemistry Dox blood 

Fasting blood sugar - Biochemistry Plasma 

HM/C- High performance liquid chromatography 

AIA - Radio immuno assay 

Insulin - Chemiluminescence Immuno assay 

/AM/A - Haemoglutination assay 

C- pepf/de - Chemiluminescence Immuno assay 

Urine - Biochemistry and Chemiluminescence Immuno assay 

S.Creaf/d/de - Biochemistry 

Lipid profile - Biochemistry 

These Investigations were conducted at the Thyrocare laboratory. 

HbAiC ( GLYCATED HEMOGLOBIN ) 

The other important advancement in diabetes management is 
the glycosylated hemoglobin assay. In normoglycemic subjects a 
small proportion of hemoglobin A is attached to a carbohydrate 
moiety, thus creating what is called glycosylated or glycated 
hemoglobin. The glycosylated hemoglobin can be separated into 
three distinct fractions, which are designated Aia, Aib, and Aic. 
Because of electrophoretic behaviour of these minor hemoglobins, 
they are referred to as fast hemoglobin. 
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In conditions of sustained hyperglycemia, such as in diabetes 
mellitus, the proportion of hemoglobin that is glycosylated is 
increased substantially. This glycosylation is the result of post- 
translational modification of hemoglobin A molecules; the binding of 
glucose is a non-enzymatic process that occurs continuously during 
the life of the red blood cell. Thus, the amount of glycosylated 
hemoglobin reflects the glycemic control of a patient during the 6 to 8 
week period before the blood sample was obtained. 

Glycosylated hemoglobin can be measured by 
chromatographic, chemically based, or electrophoretic assays. The 
advantages and disadvantages of these assays will be reviewed 
briefly. Falsely high levels of glycohemoglobin can be produced in 
chromatographic assays by carbamylated hemoglobin (formed in 
uremia), acetaldehyde addition (in alcoholics), or increased fetal 
hemoglobin (elevated in thalassemia, aplastic anemia, 
myeloproliferative disorders, and pregnancy). Hemoglobin variants 
such as HbS or HbC can cause falsely low results in these assays. 

The labile fraction of glycohemoglobin (reflects reversibly bound 
component) is measured in ion-exchange assays but not in chemical 
assays employing affinity chromatography or calorimetry. 
Pretreatment of the sample in ion-exchange assays overcomes this 
problem. 

The electrophoretic method that uses agar gel electrophoresis 
measures all of HbAt, whereas isoelectric focusing on polyacrylamide 
gels gives wider separation of the different hemoglobin components 
and therefore can quantitate HbAic. In fact, while affinity 
chromatography measures all glycosylated hemoglobin, it is not 
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affected by temperature or by the presence of hemoglobin variants or 
fetal hemoglobin. In general, ion-exchange columns (measure HbAi) 
correlate quite well with affinity columns (measures all glycosylated 
hemoglobins) even though they measure two different substances. 
The glycosylated hemoglobin test gives an estimation of the average 
glycemic level during the 6 to 8 weeks preceding the test. It correlates 
well with fasting and postprandial blood glucose levels and 24-hour 
urinary glucose levels. The glycosylated hemoglobin assay is 
presently one of the most widely applied tests in the management of 
diabetes. It is useful for the assessment of glycemic control in both 
patients with Type-I and Type-ll diabetes. 

Glycosylated hemoglobin values must be assessed with caution 
in patients with unstable diabetes. Levels of blood sugar in these 
patients fluctuate from very low to very high on an almost daily basis, 
a situation that can lead to unwanted symptoms of hyperglycemia 
and dangerous episodes of hypoglycemia. The assay of glycosylated 
hemoglobin should be done every 3 to 4 months, with the goal of 
adjusting therapy to obtain the lowest value that does not place 
patients at undue risk for hypoglycemic reactions. 

HbAiC values 


<6% 

Normal 

6-7 

Good Control 

7-9 

Avg. Control 

>9 

Poor Control 
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C-Peptide assays 

The pancreatic p-cell’s primary function is the production, 
storage and regulated secretion of insulin. Under normal 
circumstances, the p-cell maintains a condition where there is always 
readily available pool of insulin that can be rapidly secreted in 
response to a stimulus, such as a rise of blood glucose. Any increase 
in insulin release is compensated for by a corresponding increase in 

insulin biosynthesis, so that p-cell insulin stores are constantly 
maintained. 

Insulin is produced in the p-cells of the islets of Langerhans by 
cleavage of its precursors, proinsulin, into one molecule of insulin and 
one molecule of C-peptide. Insulin is subsequently released into the 
circulation at concentrations equimolar to those of C-peptide. Small 
amounts of intact proinsulin and proinsulin conversion intermediates 
are also released. Their low concentration in serum, however, 
ensures that under normal physiological conditions, their in vivo 
effects are negligible. In subjects with non-insulin-dependent diabetes 
mellitus (NIDDM) and even impaired glucose tolerance, however, 
there is a disproportionate increase in proinsulin-related peptides to 
approximately 30% of the total immunoreactive insulin in serum. 

In contrast to insulin and proinsulin. C-peptide does not appear 
to be metabolically active. It is considered to be a good marker of 
insulin secretion because of its equimolar secretion with insulin, 
negligible hepatic extraction, and constant peripheral clearance at 
different plasma concentrations and in the presence of alterations in 
plasma glucose concentrations. The kidney exclusively excretes it, 


and its plasma half-life is approximately 30 minutes contrast sharply 
with the short plasma half-life (approximately 4 minutes) of insulin. 

Insulin secretion rates cannot be calculated directly from the 
peripheral insulin concentrations, because insulin secreted into the 
portal vein by the pancreas is taken up to a large and variable degree 
by the liver before it enters the general circulation. Measurements of 
plasma insulin concentrations are further complicated in insulin- 
treated patients because of the presence of circulating insulin 
antibodies, and because insulin immunoassays cannot distinguish 
endogenous from exogenous insulin. Therefore, peripheral C-peptide 
concentrations reflect the secretion of the (3-ceiis more accurately 
than insulin. For these reasons, measurements of C-peptide in 
plasma have entered general use as a measure of p-ceil function. 

Clinical applications of C-peptide 

1. To assess the residual p-cell function in patients with insulin and to 
distinguish between I DDM and NIDDM. Of particular interest is its 
use to indicate the need for progression to insulin therapy in 
NIDDM. 

2. The diagnosis of factitious hypoglycemia. The surreptitious 
administration of insulin causes high insulin levels in absence of 
elevated C-peptide concentrations. 

3. To diagnose the presence of insulinoma. 

4. To assess residual pancreatic tissue after pancreatectomy. 
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Insulin Assays 

Insulin assays play a central role in the investigation of glucose 
metabolism disorders. Particularly useful in the investigation of the 
causes of hypoglycemia, insulin assays are also used in the 
determination of the pathogenesis of Type-1 and Type-11 diabetes, 
assessment of p-cell function and for studies on the pharmacology of 
insulin itself. 

Insulin is a polypeptide consisting of two chains linked by 
disulphide bonds. The A and B chains consist of 21 and 30 amino 
acids respectively, with disulphide bonds located at positions A7-B7 
and A20-B19. The A chain also has an internal disulphide bond 
bridging the amino acids A6 and All. Insulin and C-peptide are 
secreted in equimolar amounts into the portal circulation together with 
small quantities of proinsulins. 2-6% of the insulin released from the 
secretory granules is actually in the form of proinsulins and these 
represent 5-10% of the bioactivity of insulin. 

In human circulation, the half-life of insulin is approximately 3-5 
minutes. Almost all tissues have the ability to metabolize insulin, but 
80% is degraded in the liver and kidneys. In fact 50% of insulins is 
removed in a single pass through the liver. As the liver does not 
remove proinsulins and C-peptide, they accumulate in blood and 
account for 15-20% of the total amount of insulin and proinsulins in 
the basal state. Glucose is the primary signal that stimulates insulin 
secretion. Therefore, to correctly interpret an insulin measurement, a 
simultaneous measurement of the glucose level is also needed. 
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CiinicBl US6S of insulin measuromonts 

The main clinical application of plasma insulin measurements is 
in the investigations of the causes of hypoglycemia. This disorder can 
be caused by hyperinsulinism, insulinoma, insulin autoimmune 
syndrome or by non-insulin mediated factors. For epidemiological 
use, insulin assays have been proposed as a marker or risk factor for 
the development of coronary heart disease and as an early marker 
for the development of diabetes. 

Impaired glucose tolerance (IGT) and diabetes mellitus are 
diagnosed solely on the basis of chronic hyperglycemia. However, 
insulin measurements are used in research to study the pathogenesis 
of these disorders. In Type-1 diabetes, insulin measurements can be 
useful in pharmacological studies. Type-2 diabetes results from 
insulin resistance associated with an insulin secretory defect. Specific 
insulin assays are used to determine the relative insulin deficiency, 
and the inability of the pancreas to compensate for insulin resistance 
by adequate insulin secretion. Insulin measurements have a clinical 
value in the diagnosis of severe insulin resistance. Combined with G- 
peptide determination, insulin measurements may be used to assess 
the residual p-cell function, especially in newly diagnosed cases of 
Type-1 diabetes. They may also aid in the discrimination between 
Type-1 and Type-2 diabetes. 

The routine performance of an insulin assay may be hampered 
by factors related to the sample material; insulin auto-antibodies are 
frequently present in prediabetic states as well as in recent onset 
IDDM and other antibodies with equally disturbing capabilities have 
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been reported to be frequently present also in the general population. 

Heterologous antibodies and rheumatoid factors are also known to be 

potentially disturbing factors. The influence of such antibodies may be 

minimized by precipitation with polyethylene-glycol at the time of 

sampling, followed by the determination of free insulin immuno- 

reactivity in the supernatant. Haemolysis is another sample derived 

factor which influences most insulin measurements due to the 

presence of insulin degrading enzymes in erythrocytes. The impact of 

these types of interference on the individual insulin assay is only 

weakly predictable and must therefore be studied experimentally. An 

example is the influence of haemolysis: in competitive assays, where 

* 

an insulin antibody is used iq, limited concentration, released 
enzymes may lead to insulin degradation into large fragments (half- 
molecules) each of which are still capable of reacting in the assay 
and with similar efficiency as insulin itself. In two - site assays the 
simultaneous presence of two immunochemical sites on the analyte- 
molecule are needed to allow determination. Insulin fragments may 
not be reactive at all. Thus, the analytical design selected has an 
influence on the impact of a potentially interfering factor. 

Anti Insulin Antibodies 

Anti insulin antibodies interfere in insulin RIAs and IMAs. They 
are present in the serum of patients with insulin autoimmune 
syndrome and are frequently found in the serum of insulin - treated 
diabetic patients, even when the patients receive biosynthetic human 
insulin. Studies have indicated that 30% of Type-1 diabetic patients 
have anti-insulin antibodies prior to insulin administration, and 50% of 
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diabetic patients treated with human insulin have these antibodies. In 
the serum of these patients, insulin circulates in both the bound form 
and also as the free, unbound and biologically active moiety. In RIAs 
the size of the effect of anti insulin antibody interference depends 
mainly on the technique used to separate free and bound radioligand 
and can thus yield either falsely - elevated or falsely - low insulin 
values. In two site immunoassays, if the affinity of the antibodies used 
in the assay exceeds that of the anti insulin autoantibodies, falsely 
high free insulin values may be produced. On the other hand, if the 
assay antibodies are less avid than the autoantibodies, the final result 
will tend to reflect the free insulin concentration, since little or no 
displacement of the autoantibody-insulin complex occurs during the 
incubation time. 

Anti Microsomal Antibody (AMA or anti- TPO antibodies) 

Anti Microsomal Antibody are those that are directed against 
the microsomes in the thyroid gland. Abnormal values are seen in 
Hashimoto’s thyroiditis (100%), Graves disease (80%), 
hypothyroidism and atropic thyroiditis. Estimation of AMA would help 
the physician in planning a long term treatment strategy for a patient 
of thyroid dysfunction. 

Serum creatinine 

Creatinine, an end product of creatine, which is excreted by 
kidneys and it is used to monitor renal diseases. In patients with renal 
dysfunction, the serum creatinine is disturbed resulting in accumula- 
-tion of creatinine in serum. In diabetics, high serum creatinine is of 
bad prognostic value and signals deterioration of renal function. 

• 32 


Urinary Albumin / Urinary Creatinine Ratio 

Whenever urinary concentration of an analyte is to be co- 
related, it is essential to know what volume of urine output in 24 hours 
is collected. However, in certain emergencies or in a situation, where 
collection of 24 hours urine is not practical, estimation of urinary 
analytes is done on random samples. It is expected that urinary 
creatinine levels (which co-relates to urine volume) would be 
indicating the role of urinary volume changes in albumin 
concentration and therefore in such circumstances albumin to 
creatinine ratio is demanded for any meaningful clinical co-relation. 
Normal Albumen < 30 pg/mg creatinine 
Micro Albumen 30 - 300 pg/mg creatinine 

Macro Albumen > 300 pg/mg creatinine 
Micro Urinary Albumin 

Diabetic patients are prone to develop kidney damage as the 
disease progresses. The damage caused to the kidney if known in 
time can be reduced or eliminated by giving the patient certain drugs 
and full blown diabetic kidney damage can be avoided. Detection of 
increased levels of albumin in the urine at an early stage serve this 
purpose as it is the earliest marker of diabetic marker of diabetic 
kidney disease. It may be worth noting that various other disorders 
also result in nephropathy (kidney disorders). 

Normal Albumin Urea < 20 pg/min 

Micro Albumin Urea 20-200 pg/min 

Macro Albumin Urea >200 pg/min 
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Working Proforma 

1. Case No; MRD/OPD No: Date: / / 

2, Patient Name; 

3. Address; 

Tel: 

4. Date of Birth: 

5. Date of follow up 

6. Age: Sex; M/F 

Occupation; 

7. Residence: Rural / Urban 

Literacy status: 

8. Socio Economic status; 

Lower / Upper / Middle 

9. OPD Attendance: 

Regular / Irregular 

10. Total Duration of illness: 

Age at Diagnosis 

1 1 . Complaints at Diagnosis; 

12. Present Complaints: 

13. Past History: 

14. Family History and Relation: 

Relation: 

15. Habit 

Vegetarian/Non-Vegetarian 


Alcoholic/Non-Alcoholic 

Smokers/Non-Smokers 

16. Associate Illness Illness 

Tobacco Chewer 

NonTobacco Chewer 

Others 

Present / Absent Duration 


Hypoglycemia 

Hyperglycemia 

Ketosis 

CVD 



CVA 
Cataract 
Retinopathy 
Nephropathy 
Peripheral Neuropathy 
Sensory Neuropathy 
Motor Neuropathy 
Mixed Neuropathy 
Autonomic Neuropathy 
Impotency 
Gl Symptoms 
Diabetic Foot 
Tuberculosis 
Skin Infection 


Fungal Infection 



Other 

17. General Examination Pulse rate /min 

Blood Pressure 

Supine position mm/Hg 

Standing (After 3 min) mm/Hg 

18. Anthropometry Weight Kg Height mt. BMl 

Waist cm Hip cm W/H 

19. Systemic Examination: 


Higher Function 
Motor System 
Others 


Cranial Nerves 
Sensory System 
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Respiratory System 

Abdomen 

Other 


20. E.C.G 

21. ECHO 

22. X-ray 

23. Fundus 

24. Biochemical 

1. F.B.G(mg%) 

2. HbA|C(%) 

3. Anti Insulin Antibodies (%) 

4. Insulin (p I.U./ml) 

5. Antimicrosomal Antibodies (Titer) 

6. C-Peptide (ng / ml) 

7. Urine Albumin (pg) 

' 8. S. Creatinine (mg) 

9. Urine Albumin / Creatinine (pg/mg) 

10. Lipid Profile 
T.Ch. (mg%) 

LDL (mg %) 

S.Triglyceride (mg %) 

Tc/HDL 


Result 


HDL (mg %) 
VLDL (mg %) 

LDL / HDL 


25. Treatment 

26. Treatment Complains 

27. Diabetic Control 


Poor / Average / Good 



The present study was carried out in the Department of 
Medicine M.L.B. Medical College Jhansi In 2001 - 02. In this study 30 
patient of Type-2 DM whose BMI <18.5 (low body weight) were 
enrolled for study group and Type-1 DM patient were excluded on the 
bases of age of onset, clinical presentation and insulin dependency 
from starting. Because Type-2 DM usually occurs in normal body 
weight (BMI between 18.5 -25) and over body weight (BMI >25) 
therefore they were taken as control 1 (BMI 18.5 - 25) 25 patient and 
control II (BMI >25) 20 patient. 

Their complete history, clinical examination and investigation 
done. General characteristics of the patients were as follows;- 


Table 1. Distribution of patients according to their BWll in study 
group (group A), control group I (group B) and control group li 
(group C) 


Subject 

Group A 

Group B 

Group C 

Type of patient 

Study Group 

Control 1 

Control 11 

Total No of patients 

30 

25 

20 

BMI Range 

<18.5 

(LB Type-2) 

18,5-25 

(Normal body 

weight) 

>25 

(Over body 

weight) 

BMI mean ± SD 

17.19 ±1.03 

22.56 ±1.54 

28.9 ±3.91 
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This table shows that in this study patients are placed in three 
groups. Group A called study group, BMl < 18.5 (mean ± SD 17.19 ± 
1.03) total No. of patient 30, Group B called control I, BMl 18.5 - 25 
(mean ± SD 22.56 ± 1.54) total No. of patient 25 and Group C called 
control II, BMl >25 (mean ± SD 28.9 ± 3.91) total no. of patients 20. 


Table 2. Distribution of patient according to their sex in study 
group (group A), control group I (group B) and control group II 
(group C) 


Sex 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. 

% ! 

Male 

22 

72.6 

20 

80 

14 

70 

Female 

8 

27.4 

5 

20 

6 

30 


Statistical significance calculated 
Between A and B groups 
df = 53 
t value = 0.61 
p value = >0.5 


Between A and C groups 
df = 48 
t value = 0.20 
p value = >0.8 


This table shows that in Group A Male 22(72.6%), Female 
8(27.4%) out of 30. Group B Male 20(80%) Female 5(20%) out of 25. 
Group C Male 14(70%) Female 6(30%) out of 20. Their was no 
statistical significant difference between A and B group (p > 0.6) and 


A and C group (p > 0.8). Thus sex distribution is almost similar in 
these groups. 




Table 3. Distribution of patient according to their age of onset of 
diabetes In study group (group A), control group I (group B) and 
control group II (group C) 


Age 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 

. _ 


No. 

% 

No. 

% ! 

! 

No. 

% i 

< 40 

7 

23.3 

4 

16 ' 

i 7 

25 I 

41 -60 

21 

70 

20 

80 

11 

65 

>61 

2 

6.7 

1 

4 

2 

10 

Mean ± SD 

47.7 ± 

8.8 

47 ± 

7.4 

44.75 ± 

9.3 


Statistical significance calculated 

Between A and B groups Between A and C groups 

df =53 df = 48 

t value = 0.93 t value = 3.50 

p value = >0.9 p value = < 0.001 

This table shows that in group A < 40 yrs. 7(23.3%), 41 - 60 
yrs. 21(70%) > 61yrs. 2(6.7%) and mean ± SD age 47.7 ± 8.8. Group 
B < 40 yrs 4(16%) 41 - 60 yrs 20(80%). > 61yrs 1(4%) and mean ± 
SD 47 ± 7.4 while Group C ^ 40 yrs 7(25%) 41 - 60yrs 11(65%) S: 
61yrs 2(10%) mean ± SD 44.75 ± 9.3. There was no statistical 
significant difference between age A and B group (p >0.9), while 
group C are younger according to age of onset and significant 
difference between A and C group (p < 0.001). 
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Table 4. Distribution of patient according to total duration of 
diabetes in study group (group A), control group I (group B) and 
control group II (group C) 


Total Duration of 

Diabetes (yrs) 

Group A 

(n=30) 

Group B i 

(n=25) 1 

i 

Group C 1 

(n=20) 

No. 

% 

No. 

% 

No. 

% 

< 1 

2 

6.7 

4 

16 

3 

15 

2-5 

18 

80 

17 

68 

10 

50 ■ 

6-10 

7 

23.3 

3 

12 

5 

25 

^11 

3 

10 

1 

4 

2 

10 

! 

Mean ± SD 

4.8 ± 

3.14 

3.8 ± 

2.57 

4.5 ± 

1 .... -- - 

3.14 i 


Between A and B groups 
df = 53 
t value = 2.2 
p value = < 0.05 


Between A and C groups 
df = 48 
t value = 0.6 
p value = > 0.5 


This table shows that in group A total duration < 1 yr. 2(6.7%), 2 
- 5 yrs. 18(60%) 6 - 10 yrs 7(23.3%) > Ilyrs 3(10%) and mean ± SD 
4.8 ± 3.14. Group B < 1 yr. 4(16%), 2 - 5 yrs. 17(68%) 6 - 10 yrs 
3(12%) S: Ilyrs 1(4%) and mean ± SD 3.8 ± 2.57.while Group C ^ 1 
yr. 3(15%), 2-5 yrs. 10(50%) 6-10 yrs 5(25%) > 11 yrs 2(10%) and 
mean ± SD 4.5 ± 3.14. 

There was statistical significant difference according to total 
duration of diabetes between A and B group (p < 0.05) and no 
statistical difference between A and C (p > 0.5) total duration of 
diabetes wise. 
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Table 5. Distribution of patient according to their residence in 
study group (group A), control group I (group B) and control 
group II (group C) 


Residence 

Group A 

(n=30) 


Group B 

(n=25) 

Group C 

(n=20) 

1 


No. 

% 

No. 

% No. 

% i 

! 

Rural 

15 

50 

10 

GO 

O 


Urban 

15 

50 

15 

60 12 

60 


Statistical significance calculated ^ 

Between A and B groups Between A and C groups 

df = 53 df = 48 

t value = 0.76 t value = 0.77 

p value = > 0.4 p value = >0.4 

This table shows that in group A patient of rural residence 
15(50%) and urban 15(50%). Group B rural 10(40%) and urban 
15(60%) while in group C rural 8(40%) and urban 12(60%). Thus 
there was no statistical significant difference between A and B group 
(p > 0.4), and A and C (p > 0.4) residence wise. 

Table 6. Distribution of patient according to their socioeconomic 
status in study group (group A), control group I (group B) and 
control group II (group C) 


Residence 

Group A 

(n=30) 


Group B 

(n=25) 

Group C 

(n=20) 



No. 

% 

No. 

% No. 

% 

Lower 

7 

23.3 

8 

32 2 

10 

Middle 

20 

66.6 

14 

56 14 

70 

Upper 

3 

10 

3 

12 4 

20 
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This table shows that in group A lower class 7(23.3%) middle 
20(66.6%) upper 3(10%), group B, lower 8(32%), middle 14(56%), 
upper 3(12%), while group C lower 2(10%) middle 14(70%) upper 
4(20%). 


Statistical significance calculated: - 


Class 

Between A and B group 

Between A and C group i 


d"f 53 

df 48 j 

Lower Class 

t value 0.73 

t value 1.22 


p value > 0.4 

p value >0.2 

Middle Class 

t value 0.82 

t value 0.25 


p value > 0.4 

p value > 0.8 

Upper Class 

t value 0.24 

t value 1.03 ! 


p value >0.8 

p value >0.3 

Thus this ■ 

table shows that there was no statistical significant 


difference in socioeconomic status between A and B, and A and C 
and most of the patients were of middle class and upper class. 


Table 7. Distribution of patient according to their literacy status 
in study group (group A), control group I (group B) and control 
group II (group C) 


Literacy status 

Group A 

(n=30) 

Groups 

(n=25) 



Group C 

(n=20) 

1 

No. 

% 

No. 

% 

No. 

% 

Literate 

20 

66,7 

17 

68 

17 

85 

Illiterate 

10 

33.3 

8 

32 

3 

15 
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Statistical significance calculated 

Between A and B groups Between A and C groups 

df=53 df = 48 

tvalue = 0.10 t value = 1.47 

p value = >0.9 p value = >0.1 

This table shows that in group A literate 20(66.7%) Illiterate 
10(33.3%) group B literate 17(68%). Illiterate 8(32%) and group C 
literate 17(85%) Illiterate 3(15%). 

Thus there was no statistical significant difference in status 
between A and B (p > 0.9) and A and C (p > 0.1). 


Table 8. Distribution of patient according to their occupation in 
study group (group A), control group I (group B) and control 
group II (group C) 


Occupation 

Group A 

(n=30) 

Group B 
.tn=25) 

Group C i 

(n=20) 


No. 

% 

No. 

% 

No. 

% 

Housewife 

8 

26.6 . 

5 

20 

6 

30 

Business 

6 

20 

3 

12 

4 

20 

Farmer 

10 

33.4 

7 

28 

5 

25 

Service 

6 

20 

10 

40 

5 

25 


This table shows that in group A 8(26.6%) housewife, 6(20%) 
business, 10(33.4%) farmer, 6(20%) service class. Group B 5(20%) 
housewife, 3(12%) business, 7(28%) farmer, 10(40%) service class 
while in Group C 6(30%) housewife, 4(20%) business, 5(25%) 
farmer, 5(25%) service class. 
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Table 9. Distribution of patient according to their habits in study 
group (group A), control gro^p I (group B) and control group H 
(group C) 


Habit 

Group A 


Group B 

1 

1 

Group C 

! 


(n=30) 


(n=25) 

i 

(n=20) 

1 


No. 

% 

No. 

% 

No, 

%■' 

Non-vegetarian 

14 

46.7 

13 

52 

10 

50 

Alcoholic 

11 

36.7 

9 

36 

6 

30 

Smoker 

13 

43.3 

10 

40 

7 

35 

Tobacco chewer 

14 

46.7 

13 

52 

8 

40 


This table shows that in group A 14(46.7%) Non-vegetarians, 
11(36.7%) Alcoholic, 13(43.3%) Smoker, 14(46.7%) Tobacco chewer. 
Group B 13(52%) Non-vegetarians, 9(36%) Alcoholic, 10(40%) 
Smoker, 13(52%) Tobacco chewer while in Group C 10(50%) Non- 
vegetarians, 6(30%) Alcoholic, 7(35%) Smoker, 8(40%) Tobacco 
Chewer. 

Table 10. Distribution of patient according to their family history 
of diabetes In the study group (group A), control group I (group 
B) and control group II (group C) 


Family History 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 
(n=20) 


No. 

% 

No. 

% 

No. 

% 

Mother 

1 

3.3 

1 

4 

0 

0 

Father 

2 

6.6 

1 

4 

1 

■5, 

Sibling 

6 

20 

1 

4 

0 

0 

Total 

9 

30 

3 

12 

1 

5;^ 
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This table shows that in group A family history of diabetes in 
mother 1(3.3%), father 2(6.6%), sibling 6(20%), total 9(30%). Group 
B in mother 1(4%), father 1(4%), sibling 1(4%), total 3(12%) while in 
group C in mother 0, father 1(5%), sibling 0, total 1(5%). 


Statistical significance calculated; - 



Between A and B group I 

Between A and C group 

i 


df 53 

df48 i 

i 

Mother 

t value 0.14 

t value 0.30 


p value > 0.8 

p value >0.7 

Father 

t value 0.13 

1 

t value 1.19 


p value > 0.6 

p value >0.2 

i I 

Sibling 

t value 1.91 

i 

t value 2.16 


p value < 0.05 

p value <0.05 

[ 

Total 

t value 1 .94 

t value 2.20 i 


p value < 0.05 

p value < 0.05 


There is no statistical significance in mother and father family 
history in between A and B group, A and C group while significant 
difference in between sibling that in higher in group A(p value in 
between A and B = < 0.05 and A and C = < 0.05), total family history 
also higher in group A(p value A and B = < 0.05 and A and C = < 
0.05). 
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Table 11. Distribution of patient according to complain at 
diagnosis in the study group (group A), control group I (group B) 
and control group II (group C) 


Complain 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. 


Classic 

21 

70 

24 

96 

19 

95 

Parasthesia and 

11 

36.7 

4 

16 

1 

5 

Numbness 







Weakness 

15 

50 

4 

16 

2 

10 

DF 

2 

6.6 

1 

4 

0 

0 

Fever and cough 

4 

13.2 

1 

4 

0 

0 

Other 

1 

3.3 

0 

0 

1 

5 


Statistical significance calculated: - 



Between A and B group 

Between A and C group 


df53 

CL 

— 

00 

Classic 

t = 2.5 

CM 

CM 

II 

Complain 

p < 0.02 

p < 0.05 

Parasthesia 

11 

a> 

CD 

t = 2,6 

and numbness 

p < 0.05 

p < 0.02 

Weakness 

o 

CO 

11 

t = 3.3 


p < 0.01 

1 

■ 1 

o 

CD 

V 

CL 


This table shows that classic complain at diagnosis is 
statistically significant difference between A and B group (p < 0.02) 
and A and C group (p < 0.05) that is lesser in group A, while 
parasthesia numbness and weakness higher in group A with 
statistically significant difference between A and B, A and group C. 
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Table 12. Distribution of patient according to their waist in the 
study group (group A), control group I (group B) and control 
group II (group C) 


Waist in cm. 

Group A 

(n=30) 

Group B 

(n=25) 

. _____ 1 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. 

% 

<70 

13 

43.3 

0 

0 

0 

0 

71 -80 

17 

56.7 

0 

0 

0 

0 

81 - 90 

0 

0 

14 

56 

8 

40 ; 

91 -100 

0 

0 

11 

44 

1 

5 

>101 

0 

0 

0 

0 

11 

55 

Mean ± SD 

71.7 ± 

3.8 

89.6 ± 

4.2 

100.2+13.3 


Statistical significance calculated 
Between A and B groups 
df=53 

t value = 33.47 
p value = < 0.001 


Between A and C groups 
df = 48 
t value = 37 
p value = <0.001 


This table shows that in group A waist size <70 cm 1 3(43.3%), 
71-80 cm 17(56.7%) Mean ± SD 71.7 ± 3.8. In group B 81 - 90 cm 
14(56%), 91 - 100 cm 1 1(44%) Mean ± SD 89.6 ± 4.2 while in group 
C 81 - 90 cm 8(40%), 91 - 100 cm 1(5%), >101 cm 11(55%) Mean ± 
SD 100.2 ± 13.3. 

Thus in group A waist size small in comparison A and B (p < 
0.001) A and C (p < 0.001) 
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Table 13. Distribution of patient according to their waist hip ratio 
in the study group (group A), control group I (group B) and 
control group II (group C) 


Waist Hip ratio 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. 

% 

<0.90 

14 

46.7 

2 

8 

3 

15 

0.91-0.95 

13 

43.3 

12 

48 

6 

30 

0.96-1.00 

3 

10 

8 

32 

1 

5 

>1.1 

0 

0 ■ 

3 

12 

10 

50 

1 

Mean ± SD 

0.91 ± 

0.04 

0.95 ± 

0.04 

0.98 ± 0.07 1 


Statistical significance calculated 
Between A and B groups 
df = 53 
t value = 0.8 
p value = > 0.3 


Between A and C groups 
df = 48 
t value = 1.1 
p value = >0.2 


This table shows that the mean ± SD of waist hip ratio in group 
A was 0.91 ± 0.04, in group B it was 0.95 ± 0.04 and in group G it 
was found to be 0.98 ± 0.07. 

Their was no statistical significant in waist hip ratio between A 
and B group (p > 6.3) and A and C group (p > 0.2). 
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Table 14. Distribution of patient according to Cardio Vascular 
Disease in the study group (group A), control group I (group B) 
and control group II (group C) 


Cardio Vascular 

Disease 

Group A 

(n=30) 

Group B 1 

(n=25) 1 

Group C 

(n=20) 


No. 

% 

No. 

% ! 

No. 

% i 

Hypertension 

1 10 

33.3 

14 

56 1 

i 

13 

65 

CAD 

4 

13.3 

6 

24 

6 

30 

DF 

4 

13.3 

2 

8 

1 

5 

CVA 

0 

0 

0 

0 

0 

0 


This table shows that in group A hypertension in 10(33.3%), 


CAD 4(13.3%), DF 4(13.3%). Group B hypertension in 14(56%), CAD 
6(24%), DF 2(8%) while in group C hypertension in 13(65%), CAD 
6(30%), DF 1(5%) and none had CVA. 

Statistical significance calculated; - 



Between A and B group T 

B6tw66n A snd C 1 


df 53 

df 48 

Hypertension 

t value =1.86 

t value = 2.24 


p value < 0.05 

p value < 0.02 

CAD 

t value = 1.07 

t value = 1.47 


p value > 0.3 

p value > 0.1 

DF 

t value = 0.73 

t value = 0.97 


p value > 0.4 

.. i. 1 ! 

p value >0.3 


- Thus there was statistical slgnl^t difference in Hypertension 
between A and B ( p < 0.05) and A and C (p < 0.02) while no 


statistical difference CAD and DF. 
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Table 15. Distribution of patient according to ophthalmic 
complications in the study group (group A), control group I 
(group B) and control group II (group C) 


Ophthalmic 

complications 

Group A i 

(n=30) 

Group B I 

(n=25) 

Group C j 
(n=20) i 

Cataract 

Retinopathy 

No. % 

No. % 

No. % ; 

i i 

— 

5 16.7 

14 46.7 

j 

r_ ^ 

1 6 24 

i 1 5 i 

I 6 30 I 


Statistical significance calculated; - 



Between A and B group 

Between A and C group 


df 53 

df48 

Cataract 

t value = 0.98 

t value = 1.27 


p value > 0.3 

I p value > 0,2 1 

Retinopathy 

t value = 1.80 

jt value =1.20 j 

-T"L. : u I .-V 

p value > 0.1 

1 p value > 0.2 ! 

1 . __ J 

hinhpr in nrouD A but nO 


statistical difference between A and B (p > 0.1), A and C (p > 0.2). 

Table 16. Distribution of patient according to Neuropathy in the 
study group (group A), control group 1 (group B) and control 

group II (group C) 


Neuropathy 

Group A 
(n=30) 


Group B 

(n=25) 


Group C 
(n=20) 


No. 

% 

No. 

% 

No. 

% 

Peripheral ' 

1 15 

50 

5 

20 

3 

15 

Autonomic 

8 

26.4 

2 

8 

2 

10 

Impotency 

11 

36.3 

j 4 

16 

2 

10 

j 




This table shows that in group A PNP 15(50%), ANP 8(26.4%), 
Impotency 11(36.3%). Group B PNP 5(20%), ANP 2(8%), Impotency 
4(16%) while in group C PNP 3(15%), ANP 2(10%), Innpotency 
2 ( 10 %). 


Statistical significance calculated: - 



Between A and B group 

Between A and C group 


df 53 

df48 

PNP 

t value = 2.36 

t value = 2.77 


p value < 0.02 ' 

p value < 0.01 

ANP 

t value = 1.86 

t value = 1.45 


p value <0.05 

p value >0.1 

impotency 

t value =1.92 

t value = 2.12 


p value < 0.05 

p value < 0.05 


Thus Peripheral neuropathy (p value (A and B) < 0.02), (p value 
(A and C) < 0.01). ANP (p value (A and B) < 0.05) (p value (A and C) 
> 0.01) and Impotency (p value (A and B) < 0.05) (p value (A and C) 
< 0.05) are higher in group A. 

Table 17. Distribution of patient according to Infection in the 
study group (group A), control group I (group B) and control 
group II (group C) 


Infection 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. 

% 

Pul. Tuberculosis 

5 

16.6 

2 

8 

1 

5 

Skin infection 

7 

23.3 

1 

4 

0 

0 

Fungal Infection 

1 

3.3 

0 

0 

0 

0 






Statistical significance calculated: - 
Between A and B 
df= 53 

t value = 0.97 
p value > 0.3 


Between A and C 
df = 48 

t value =1.16 
p value > 0.2 


This table shows that in group A Pul. TB 5(16.6%), Skin 
Infection 7(23.3%), Fungal Infection 1(3.3%). Group B Pul. TB 2(8%), 
Skin Infection 1(4%), Fungal Infection none, while in group C Pul. TB 
1(5%), Skin Infection and Fungal Infection is none. 

There was no statistical significant difference in Pulmonary 
tuberculosis infection or other infections. 


Table 18. Distribution of patient according to their HbAiC in the 
study group (group A), control group I (group B) and control 
group II (group C) 


HbAiC 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. 

% 

< 6 

6 

20 

5 

20 

5 

26 

6-8 

9 

30 

12 

48 

10 

50 

8-10 

5 

16.7 

5 

20 

4 

20 

>10 

10 

33.3 

3 

12 

1 

5 

Mean ± SD 

8.6 ± 

2.23 

7.5 + 

1.09 

7.16 ± 2.94 
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Statistical significance calculated: - 
Between A and B 
df = 53 

t value = 0.29 
p value >0.7 


Between A and C 
df = 48 
t value = 0.32 
p value > 0.7 


This table shows that in group A blood sugar control 50% 
patients have HbAiC value > 8% but no statistical significant 
difference in their mean control of blood sugar between A and B (p > 
0.7), AandC(p>0.7). 

Table 19. Distribution of patient according to fasting serum 
insulin in the study group (group A), control group I (group B) 
and control group il (group C) 


Fasting Insulin 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 

< 6 (lower) 

6 - 27 (normal) 

> 27 (higher) 

No. % 

No. % 

No. % 

17 56.7 

13 43.3 

0 0 

4 16 

18 72 

3 12 

6 30 

12 60 

2 10 


Statistical significance calculated in fasting insulin < 6 p IV ml 
Between A and B Between A and C 

df= 53 df = 48 

tvalue = 3.18 tvalue=1.89 

... ... 

pvalue<0.01 ■ ■■” pvalue>0.05 

This table shows that in group A fasting serum insulin lower in 

17(56.7%) normal 13(43.3%), group B lower 4(16%) normal 18(72%) 

^ . , 

above normal 3(12%) while in group C lower 6(30%) normal 12(60%) 
and above normal 2(10%). 
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Thus group A patient show lower fasting insulin than group B (p 
< 0.01) and group C (p < 0.05). 

Table 20. Distribution of patient according to their serum anti 
insulin antibody in the study group (group A), control group I 
(group B) and control group II (group C) 


Anti Insulin 

antibody 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 

Normal 

Higher 

No. % 

No. % 

No. % 

27 90 

3 10 

25 100 

0 0 

20 100 

0 0 


Statistical significance calcuiated in fasting insulin < 6 p IV nnl 
Between A and B Between A and C 

df=53 df = 48 

tvaiue=1.67 t value =1.74 

p value > 0.1 p value >0.1 

This table shows that there is statistically non significant 
difference between A and B and A and C groups. 

Table 21. Distribution of patient according to their C-PeptIde 
level In the study group (group A), control group I (group B) and 
control group II (group C) 


Fasting C-peptide 

Group A 

(n=30) 

Group B 

(n=5) 

Group C 

(n=4) 


No. 

% 

No. 

% 

No. % 

Lower 

8 

26.4 

4 

80 

2 50 

Normal 

22 

73.6 

1 

20 

2 50 

Higher 

0 

0 

0 

0 

0 0 



This table shows that in group A patient C peptide level are 
nornnal 22(73.6%) and lower 8(26.4%), this show that there is normal 
insulin secretion in this group patients. 

Table 22. Distribution of patient according to Renal function in 
the study group (group A), control group I (group B) and control 
group II (group C) 


Renal function 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 



No. 

% 

No. 

% No. 

% 

S.creatinine 

1 

CO 

CO 

0 

O 

o 

0 

>1.5 mg % 






Urine Alb. 

16 

53.3 

10 

40 10 

50 

> 20pg/min 






U Al/Creatinine 

14 

46.7 

9 

36 10 

50 


> 30 lag / mg -of 
S. creatinine 


Statistical significance calculated for U Al / Cr 

Between A and B 

df=53 

t value = 0.76 


Between A and C 
df = 48 

t value = 0.23 


p value >0.4 p value >0.8 

This table shows that in group A serum higher in only one 
patient while nephropathy (micro albumin urea U A! / Cr > 30 pg / mg 
of S.creatinine) in 14(46%) in group B 9(36%) group C 10(50%) but 
no statistiGal significance 
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Table 23. Distribution of patient according to their total 
cholesterol in the study group (group A), control group I (group 
B) and control group II (group C) 


Total Cholesterol 

mg% 

Group A 

(n=30) 

Groups 

(n=25) 

Group C I 

(n=20) 


z 

p 

No. 

% 

No. 

% i 

< 200 mg% 

25 83.3 

21 

84 

15 

75 

> 200 mg% 

5 16.7 

4 

16 

5 

25 

Mean ± SD 

156.97± 53.8 

168.96± 31.4 

172.5± 79.9 



Statistical significance calculated: - 
Between A and B 
df = 53 

t value = 0.07 
p value > 0.9 


Between A and C 
df = 48 

t value = 0.73 
p value >0.4 


This table shows that total serum cholesterol in group A < 200 
mg% in 25(83.3%) > 200 mg% 5(16.7%) and mean ± SD 156.97 ± 
53.8. In group B < 200 mg% in 21(84%) > 200 mg% 4(16%) and 
mean ± SD 168.96 ± 31 .4 while in group C < 200 mg% in 15(75%) > 
200 mg% 5(25%) and mean ± SD 172.50 ± 79.9. 

There was no statistical significant difference for lower and 
higher total cholesterol patient in group A and B 
>0.4). 




Table 24. Distribution of patient according to their HDL 
choiesterol in the study group (group A), control group I (group 
B) and control group II (group C) 


Cholesterol HDL 


Mean ± SD 


Statistical significance calculated 
Between A and B 


Between A and C 


t value = 0.65 t value = 0.47 

p value > 0.5 p value > 0.6 

This table shows that HDL in group A < 40 mg% in 17(56.7%) > 
40 mg% 13(43.3%) and mean ± SD 38.27 ± 14.01. In group B < 40 
mg% in 12(48%) > 40 mg% 13(52%) and mean ± SD 45.2 ± 13.19 
while in group C < 40 mg% in 10(50%) > 40 mg% 10(50%) and 
mean ±SD 36.7 ±12.82. 


There was no statistical significant difference for lower or higher 
HDL patient in group A and B (p > 0.5) A and C (p > 0.6) 


Group A 


Group B 


Group C 


(n=30) 


(n=25) 


(n=20) 


No. 

% 

No. 

% 

No. 


17 

56.7 

12 

48 

10 

50 

13 

43.3 

13 

52 

10 

50 

38.27 ±14.01 

45.2 ± i; 

3.19 

36.7± 12 

.82 
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Table 25. Distribution of patient according to their LDL 
cholesterol in the study group (group A), control group I (group 
B) and control group II (group C) 


Cholesterol LDL 

mg% 

Group A 1 

(n=30) 

. 

Group B 

(n=25) 

Group C 
j (n=20) 

I 


No. 

% 

No. 

z: 

o 

% I 

< 130 nng% 

28 

93.3 

24 

CD 

CD 

CD 


> 130 mg% 

2 

6.7 

1 1 

I _ 

4|1 

5 I 

Mean ± SD 

88.4 ± 34,45 

88.16±24.17 81.17±28.23 ^ 

' ^ .. 


Statistical significance calculated: 

- 

Between A and B 

Between A and C 

df = 53 

df = 48 

t value = 0.44 

t value = 0.25 

p value > 0.6 

p value > 0.8 

There was no statistical 

significant difference in lower and 


higher LDL cholesterol patient in group A and B (p > 0.6) A and C (p 
> 0.8). 

Table 26. Distribution of patient according to their VLDL 
cholesterol in the study group (group A), control group I (group 
B) and control group II (group C) 


Cholesterol VLDL 

mg% 

Group A 

(n=30) 

Groups 

(n=25) 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. 

% 

< 40 mg% 

18 

60 

17 

68 

12 

60 

> 40 mg% 

12 

40 

8 

32 

8 

40 

Mean ± SD 

40.1 ± 

24.1 

35.8 + 

21.9 

46.9 ± 29.8 

_ .... 




Statistical significance calculated: - 

Between A and B 

df=53 

t value = 3.38 
p value < 0.001 


Between A and C 
df = 48 

t value = 2.89 
p value < 0.01 


There was statistical significant difference in tower and higher 
VLDL cholesterol patients in group A and B (p < 0.001) A and C (p < 
0.01). 

Table 27. Distribution of patient according to their S.Triglyceride 
level in the study group (group A), control group I (group B) and 
control group II (group C) 


S. trig mg% 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 1 

(n=20) 1 


No. 

% 

No. 

% 

No. 

% j 

< 150 mg% 

12 

40 

8 

32 

9 

45 

> 1 50 mg% 

18 

60 

17 

68 

11 

55 

Mean ± SD 

171. 7± 60.41 

201 .96± 97.83 

208.69± 140 


Statistical significance calculated: - 

Between A and B 

df=53 

t value = 0.62 
p value >0.5 


Between A and C 
df = 48 
t value = 0.35 
p value > 0.7 


This table shows that S.Trig in group A < 150 mg% in 12(40%) 
> 160 mg% 18(60%) and mean ± SD 171.7 + 60.41. In group B < 150 
mg% in 8(32%) > 150 mg% 17(68%) and mean ± SD 201.96 ± 97.83 
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while in group C <150 mg% in 9(45%) > 150 mg% 11(55%) and 
mean ± SD 208.69 ± 140. 

There was no statistical significant difference in lower and 
higher S.Trig level in patient of group A and B (p > 0.5) A and C (p > 
0.7). ■ 


Table 28. Distribution of patient according to treatment given in 
the study group (group A), control group I (group B) and control 
group II (group C) 


Treatment 

Group A 

(n=30) 

Group B 

(n=25) 

Group C 

(n=20) 


No. 

% 

No. 

% 

No. % 

OHA 

23 

76.7 

25 

100 

25 * 100 

OHA + INS 

7 

23.3 

0 

0 

0 0 


Statistical significance calculated: 
Between A and B 
df = 53 
t value = 2.84 
p value <0.01 


Between A and C 
df = 48 

t value = 2.37 
p value < 0.02 


This table shows that in group A patient taking OHA 23(76.7%) 
OHA+INS 7(23.3) group B OHA 25(100%) group C OHA 20(100%) 
and there was no statistically significant difference, treatment wise 
between A and B group (p < 0.01) and A and C (p < 0.02). But most 
of the group A patient are on OHA (76.7) only. 
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iscussion 


Present study was carried out on 30 patients of LB Type - 2 
Diabetes mellitus (BMI < 18.5) in the Department of Medicine M.L.B. 
College Jhansi. These patients were attending either general 
medicine OPD, Diabetic clinic OPD, Gynaecology and Obstetrics 
OPD, Tuberculosis and chest OPD, and patients admitted in wards. 
Out of these 30 patients 22 (72.6 percent) were male and 8 (27.4 
percent) were female. The mean BMI of patients were 17.19 ± 1.03. 
The clinical anthropometric biochemical and hormonal value were 
consequent to evaluation at a point of time. This study was planned 
to meticulously follow up a set of typical patient with LB Type-2 
Diabetes mellitus over a period of six consecutive months. 

In the past poverty and malnutrition have been vicariously 
linked to explain the variable difference observed in the diabetics in 
India as compared to west. Unfortunately the review as far as adult 
onset diabetic were concerned were often presumptive rather than 
factual. In the present study it was observed that more than 76 
percent of patients (Table VI) with LB Type-2 diabetes mellitus were 
from middle and upper socioeconomic status and more than 66 
percent were literate (Table Vli). In India middle and upper class 
constitute about 50 percent of the population and literacy about 55 
percent and these type of LB Type-2 diabetes mellitus was probably 
the real representation of diabetes mellitus prevalent in such society. 


Thus this LB Type-2 diabetes mellitus constitute a distinct entity in 
themselves. 

in present study LB Type-2 diabetes mellitus patients were 
similar to other Type-2 diabetes mellitus in context of male female 
ratio (Table II p value > 0.5 normal body weight Type-2 diabetes 
mellitus and > 0.8 over body weight Type-2 diabetes mellitus) 3:1, 
have age of onset 47.7 ± 8.82 (Table Hi) as compared to normal body 
weight Type-2 diabetes mellitus 47 ± 7.4 p value > 0.9 and 
overweight Type-2 diabetes mellitus 44.75 ± 9.37 p value < 0.001 
(younger age of onset). Total duration of illness was 4.8 ±3.14 (Table 
IV) as compared to normal body weight Type-2 Diabetes Mellitus 3.8 
± 2.57 p value < 0.05 (lesser duration) and over body weight Type-2 
Diabetes Mellitus 4.5 ± 8.14 p value > 0.5. Urban and rural residence 
ratio was 1:1. p value for both normal and over weight Type-2 
Diabetes Mellitus >0.4. Socioeconomic status (Table VI), Literacy 
status (Table VI!) p value for norma! body weight Type-2 Diabetes 
Mellitus > 0.9 and over body weight Type-2 Diabetes Mellitus > 0.1, 
and occupation and habit wise there was similarity with other Type-2 
Diabetes Mellitus, but having gross dissimilarity in clinical, 
anthropometric, biochemical and treatment wise. 

In present study family history of Diabetes Mellitus could be 
ascertained in 30 percent (Table X), much higher than normal body 
weight Type-2 Diabetes Mellitus 12 percent, p value < 0.05 and over 
body weight Type-2 Diabetes Mellitus 5 percent, p value < 0.05, 
Higher incidence of Diabetes Mellitus was also noted in siblings 20 
percent. Similar family history was also observed by A.K.Baliar Sinha 
and S.Das in Cuttack 16.6 percent, Samar Banerjee and 


Uttam.K.Paul in Calcutta 20 percent, B.k.Sahy in Hyderabad 30 
percent and Vijay Vishwanathan in Chennai 42 percent. Yet they 
testify that LB Type-2 Diabetes Mellitus runs in families and not a 
variant of Type-1 Diabetes Mellitus or MRDM. 

In present study most of the LB Type-2 Diabetes Mellitus 
presented with classic presentation (Table XI) 70 percent which was 
unlike to normal weight Type-2 Diabetes Mellitus 96 percent with p 
value < 0.02 and over weight Type-2 Diabetes Mellitus 95 percent 
with p value < 0.05. These LB Type-2 Diabetes Mellitus patients have 
frequent complain of parasthesia and numbness 36.7 percent 
weakness 50 percent and infection 13 percent at time of diagnostic of 
diabetes. These presenting complain at diagnosis was similarly 
observed by Anant Nigam in Jaipur who observed classic 
presentation in 29 percent weakness and fatigue 23.9 percent, 
parasthesia 19.5 percent and visual disturbances in 13.1 percent. 

The anthropometric data revealed that they were not only lean 
but also had very low subcutaneous fat, this habit is typical of such 
LB Type-2 Diabetes Mellitus. Central adiposity with altered waist, 
waist hip ratio has been claimed to sin qua non of Type-2 Diabetes 
Mellitus, but these LB Type-2 Diabetes Mellitus had much lower waist 
77.7 ± 3.8 cm, than normal body weight Type-2 Diabetes Mellitus 
86.6 ± 4.2 cm, p value < 0.001 and over weight Type-2 Diabetes 
Mellitus 100.2 ± 13.3 cm p value < 0.001 (Table XII). But there waist 
hip ratio 0.91 ± 0.04 were similar to normal body weight Type-2 
Diabetes Mellitus 0.95 ± 0.04, p value > 0.3 and over body weight 
Type-2 Diabetes Mellitus 0.98 ± 0.07 p value > 0.2. 
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In present study hypertension was present in 33 percent of LB 
Type-2 Diabetes Mellitus (Table XIV) much lower than normal body 
weight Type-2 Diabetes Mellitus 56 percent p value < 0.05 and over 
body weight Diabetos Mellitus 65 percent p value < 0.02. Coronary 
artery disease also lower to 13.3 percent than normal body weight 
Type-2 Diabetes Mellitus 24 percent p value > 0.03 and over weight 
Type-2 Diabetes Mellitus 30 percent p value > 0.1. In other study 
hypertension was much lower A.K.Baliar Sinha and S.Das in Cuttack 
(Hypertension 4.4 percent and CAD 16 percent), Anant Nigam in 
Jaipur (Hypertension 8.9 percent and CAD 10.2 percent), and 
K.Kanan in Madurai (Hypertension 18 percent and CAD 4 percent). 

In this study of LB Type-2 Diabetes Mellitus patients with 
peripheral neuropathy were 50 percent much higher than normal 
body weight Type-2 Diabetes Mellitus 20 percent p value < 0.02 and 
over weight Type-2 Diabetes Mellitus 15 percent p value < 0.01 
(Table XVI). Similar observations were noted by A.K.Baliar Sinha and 
S.Das in Cuttack 49 percent, Anant Nigam in Jaipur 19.8 percent, 
Vijay Vishwanathan in Chennai 31.9 percent. 

The present study also reveals higher incidence of Impotency 
36.3 percent (in LB Type-2 Diabetes Mellitus) and Autonomic 
neuropathy 24.4 percent in LB Type-2 Diabetes Mellitus than normal 
body weight Type-2 Diabetes Mellitus p value < 0.05 and over weight 
Type-2 Diabetes Mellitus p value < 0.05. Thus in LB Type-2 Diabetes 
Mellitus patients Impotency was much higher (Table XVI). 

In the present study prevalence of Pulmonary Tuberculosis 
16.6 percent and Skin infections 23.3 percent, were higher than 
normal body weight Type-2 Diabetes Mellitus (Pulmonary 
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Tuberculosis 8 percent and Skin infections 4 percent) and over 
weight Type-2 Diabetes Mellitus (Pulmonary Tuberculosis 5 percent 
and none Skin infections) (Table XVII). Similar observations were 
noted by A.K.Baliar Sinha and S. Das from Cuttack (Pulmonary 
Tuberculosis 7.7 percent and Skin infections 18.7 percent) and Anant 
Nigam in Jaipur (Pulmonary Tuberculosis 14.9 percent). 

In this study eye complications was higher in LB Type-2 
Diabetes Mellitus. (Cataract 16.7 percent and Retinopathy 46.7 
percent) than normal body weightType-2 Diabetes Mellitus (Cataract 
8 percent and Retinopathy 24 percent) and over body weight Type-2 
Diabetes Mellitus (Cataract 5 percent and Retinopathy 30 percent). 

In present study of LB Type-2 Diabetes Mellitus patients 
present with overt albumen urea was 53.3 percent (Table XXII) than 
normal body weight Type-2 diabetes mellitus 40 percent p value > 0.4 
and over body weight Type-2 Diabetes Mellitus 50 percent p value > 
0.8. Thus no statistical significant difference was observed. 

In this study of LB Type-2 Diabetes Mellitus has much higher 
albumin urea than other study probably better method used for 
detection of micro albumin urea. 

In present study LB Type-2 Diabetes Mellitus patient had HbAiC 
8.6 ± 2.23 (blood sugar moderately controlled) than normal body 
weight Type-2 Diabetes Mellitus 7.5 ± 1.09 p value > 0.7 and over 
body weight Type-2 Diabetes Mellitus 7.15 ± 2.94 p value > 0.7 
(Table XVIll) Inspite of moderate hyper glycemia, none of LB Type-2 
Diabetes Mellitus patient goes in ketoacidosis, this show that they 
have insulin reserve, which prevent ketoacidosis similar to other 
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Diabetes Mellitus. Similar observations were noted by A.K.Baiiar 
Sinha and S.Das in Cuttack, and Anant Nigam in Jaipur. 

This study also revealed that LB Type-2 Diabetes Mellitus have 
fasting Serum Insulin less than normal in 56 percent and C-peptide 
was also lower in 56.7 percent, which was usually norma! in normal 
body weight Type-2 Diabetes Mellitus in 72 percent, and over body 
weight Type-2 Diabetes Mellitus 60 percent. 

This study of LB Type-2 Diabetes Mellitus 3 patients (10 
percent), show anti insulin antibody (AlA) which was not detected in 
any other group patients. 

In this study total Serum cholesterol in LB Type-2 Diabetes 
Mellitus 156.97 mg percent ± 53.8 comparison to normal body weight 
Type-2 Diabetes Mellitus, 168.96 mg percent ± 31.4 and over body 
weight Type-2 Diabetes Mellitus 172.50 mg percent ± 79.9 (Table 
XXlll). Hypertriglyceridemia (defined as > 150 mg percent. Table 
XXVII) in 60 percent LB Type-2 Diabetes Mellitus (171.7 mg percent 
± 60.41) as compared to normal body weight Type-2 68 percent 
(201.96 mg percent ± 97.83) and over body weight Type-2 Diabetes 
Mellitus 55 percent (208.69 mg percent + 140). 

Average value of HDL cholesterol was 38.27 mg percent ± 

14.01 as compared to normal body weight Type-2 Diabetes Mellitus 

45.2 mg percent + 13.19 and over body weight 36.7 mg percent ± 
12.82. In LB Type-2 LDL cholesterol (88.4 mg percent ± 34.45) and 
VLDL cholesterol (40.1 mg percent + 24.15) were lower as compared 
to normal body weight and over body weight. 
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Similar observations were noted by A.K.Baliar Sinha and S.Das 
in Cuttack, Samar Banerjee and Uttam.K.Paul in Calcutta and Anant 
Nigam in Jaipur. 

In present study most of the patients of LB Type-2 Diabetes 
Mellitus have well controlled blood sugar by oral hyperglycemic 
agent, in 76.7 percent and only 23.3 percent were on insulin, (Table 
XXVIII), while none in normal body weight and over body weight 
Type-2 Diabetes Mellitus were on insulin. Same observations were 
noted by A.K.Baliar Sinha and S.Das in Cuttack (28 percent patients 
on insulin), B.K.Sahy in Hyderabad (12 percent patients on insulin) 
and K.Kanan in Madurai. 


Conclusion 

& 

Summary 


c 

onclusion and Summary 

Overwhelming data from the present study of LB Type-2 
diabetes mellitus established that LB Type-2 diabetes mellitus is a 
specific variant that fall into Type-2 diabetes mellitus. This is because 
the LB Type-2 diabetes mellitus patient have an adult age at onset, 
insidious presentation, are not nutritionally deprived, majority of them 
belong to middle and upper socio-economic class and not with a 
dominantly rural background and good literacy status. These patients 
have a positive family history, specially amongst sibling and have a 
substantial p cell reserve of insulin. They do not have autoimmune 
basis and most patients respond to oral hyperglycemic agents. These 
patients usually do not have a known secondary cause for diabetes 
mellitus. 

Clinical presentation, complication, biochemical and hormonal 
profile are different for these patients in comparison to western Type- 
2 diabetes mellitus patients. There is low incidence of macrovascular 
disease in this group of patients and they have normal Serum 
cholesterol level in comparison to their western Type-2 diabetes 
mellitus counterparts. The study also established that peripheral 
neuropathy, weakness, impotency and infections are the presenting 
clinical feature in these patients. There exists insulin C-peptide 
disparity in the peripheral circulation due to excess utilization of 
insulin In the hepatic bed. These patients also show a clear-cut lack 
of hepatic insulin resistance as seen in patients with classic Type-2 
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diabetes meilitus. Hepatic function is hyperactive in these patients 
with excess of hepatic glucose output. 

Similarity taken for this study were Male Female ratio, Socio- 
economic status, Literacy status, Residence, Habit, Age of onset and 
Total duration of diabetes. 

Salient differentiating features between Low body weight, 


Normal body weight and Over body weight Type-2 diabetes meilitus. 


No 

Feature 

LB Type-2 

DM 

Normal Body 

Weight Type-2 j 
DM 

Over Body ; 

Weight Type-2 

DM 

1. 

Family History 

High (30%) 

Low (12%) 

1 

Very low (5%) 

2. 

Complain at diagnosis 


I 

'i 


a) Classic 

70% 

96% 

95% 


b) Parasthesia and 

36.7% 

16% 

5% 


numbness 



'1 


c) Weakness 

50% 

16% 1 

10% 1 


d) Infection 

13% 

4% i 

0% 1 

3. 

Waist size 

Low 

Moderate 

High i 

4. 

CAD and Systemic HT 

Low 

High 

Markedly High 

5. 

Neuropathy 





a) Peripheral 

High 

Low 

Low 1 


b) Autonomic 

High 

Low 

Low 


c) Impotency 

High 

Very Low 

Very Low 

6. 

Lipid profile 





a) Total serum chol. 

Normal 

HighNormal 

HighNormal 


b) S.Trig 

High 

Moderately High 

Moderately High 

" ' ■ ■' ~ " " "■ ' 

7. 

Treatment 





a) OHA 

76.7% 

100% 

100% 


b) Insulin 

23 3% 

0% 

0% 
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The study therefore demonstrate that these LB Type-2 diabetes 
mellitus patients form a definite entity by themselves, having certain 
clinical, metabolic, hormonal as well as genetic distinction. This 
clinical entity needs to be recognized early to improve their metabolic 
control and thereby their quality of life. 
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GROUP A. LOW BODY WEIGHT TYPE 2 D.M. (BMI < 18.5) 
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GROUP B. NORMAL BODY WEIGHT TYPE 2 D.M. (BMI 18.5 - 25 ) 
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GROUP B. NORMAL BODY WEIGHT TYPE 2 D.M.(BMI 18.5-25) 

~~ COMPLICATION I INVESTIGATION 

























lO 

CM 

I 

u> 

00 


CQ 


Q 

CM 

LU 

a. 


h- 

X 

O 

m 

5 

>• 

Q 

o 

m 


X 

O 

z 

m 

Q. 

3 

O 

a: 

o 


iUSUiJBSJi 


Z 

g 

h- 

< 

Z 

s 

< 

X 

at 

_i 

< 

g 

s 

LU 

X 

o 

g 

m 


vwv 


(|m/niTf) 

HSi 


(ip/Bri) t-i 


(iP/Bu) ei 


Burs 


laiA 


IQl 


laH 


op 

UL!|lU 
Z 


to 00 

lO CO 


N-lh- 
00 CD 


HOI 


(•iO |o Buj/ 
Br() JO/lvn 


(%Bui) iO'S 


CD 


tnloo 
N" 


CD CD 
CD 
04 


CO 


(ujUi/Br() ^ 

qivauun S 


(lui/Bu) 

dSd ‘0 


VIV 


(ltu/niT<) 

uiinsui's 


CM 


O 
O O 
CD 

CD 


%o VqH 5 


(ip/Biai) 

oad 


-ON ’IS 


O O 

UJ UJ 

z z 


00 , 

CDlr^ 


CD 


CD 

CDlxf. 


CM 


< < 

XX 

o 


00 CM 
CO CD 


CO^ 


00 


•CD, 


00 Kf 
OO CD 


LD 00 

'cm 


CM 


CO 


o h- 

LO CO 


CO o 
CD 


CM 


M- CD 
CD 


CM 


CD 


CM 




CO 


CD h*. 
CM 


CO 00 
CD 


N. 10 CD 
cri CD 10 


10 


m 


C30 


O OiCD 

LU U.i |UJ 

z z z 


to 


CO 




o CO 

O CD 
CM CM 


O CO 
"M- CM 


O 'O 

d 

CD 00 
A CO 


OjOO 

d 


<D 


CM 




m 















GROUP C. OVER BODY WEIGHT TYPE 2 D.M. (BMI > 25) 






oi' oi 
‘ ' m 




Li. 

W 

Ei. 


£ g 
. . X 
Pi ^ 

g 3 O 

m 


^ K 


osl U 






GROUP C. OVER BODY WEIGHT TYPE 2 D.WI. (BMI > 25) 




Ip 

04 


m 


04 
UJ 

a. 

t 

I 

O 

UJ 

5 

>- 

o 

o 

OQ 

q:: 

111 

> 

o 

d 

a. 

D 

O 

a: 

o 


:^U^UJJBaJx 


< 

Z 

s 

< 

X 

LU 

< 

O 

s 

UJ 

X 

o 

Q 

CD 


VIAIV 


(iuj/niTi) 

HSi 


(IP/Bt!) x>i 


(iP/Bu) gi 


Buis 


laiA 


~iai 


IQH 


HOi $2 


(•JO JO Bui/ 

Bri) jo/ivn 


(o/,Buj) JO'S 


(uiuj/Bri) 

qiV euun 


(|lu/Bu) 
dsd 0 


VIV 


(lUJ/ni’l) 

ut|nsu|*s 


CO 
LO lO 

CD 
r-- CM 


%o vqH 


(ip/SiAi) 

md 


-on is 


CN 


O O 
CM 
cd 
CM CM 


CM 


CD 


CM 


04 CD CM 
CO CD ID 


CM 


CD 


00 


Cfi 


< < < 
XXX 

o p o 


CM O- 
CO CM 


Op 
00 


CD 


< < 
xlx 
OP 


s 


CM 


CD 


uop 

CO CO 


0> 


colxr 


CD 


m 


CD 


(Dp 


CO 00! 
00 00 I 


m 


NORMAL VALUES 

FBG 90 - 120 nig/di HbA,c % (< 6), INSULIN : 6 - 27 (MlU/mi), AlA ANTI INSULIN ANTIBODY (< 10 %), C-PEPTIDE : 1. 1 - 5 0 (ng/ml), URINE ALB < 20 (,ig/min 
S Cf : (0 7 - 1 5 mg %). UAI/Cr ( < TOgg/mg of Cr.). TCH ; 125 - 200mg%. HDL 30 - 65mg%, LDL ; 85 - 130mg%, VLDL 5-40 mg%, S Trig 85 - 130mg%, 

T3 60 - 160 (ng/dU. T4 3 2 - 12 60 (iig/dl). TSH : (0 3 -5.5 glU/ml), AMA(ANTI MICROSOMAL<Ant.TPO) ANTIBODY) Negative < 1 10 , Positive -> 1 10 , 

OHA ORAL HYPOGLYCEMIC AGENT. INS : INSULIN 



